The First Nucleotide Binding Domain of Cystic Fibrosis Transmembrane Conductance Regulator Is a Site of Stable Nucleotide Interaction, whereas the Second Is a Site of Rapid Turnover.
As in other adenine nucleotide binding cassette (ABC) proteins the nucleotide binding domains of the cystic fibrosis transmembrane conductance regulator (CFTR) bind and hydrolyze ATP and in some manner regulate CFTR ion channel gating. Unlike some other ABC proteins, however, there are preliminary indications that the two domains of CFTR are nonequivalent in their nucleotide interactions (Szabo, K., Szakacs, G., Hegeds, T., and Sarkadi, B. (1999) J. Biol. Chem. 274, 12209-12212; Aleksandrov, L., Mengos, A., Chang, X., Aleksandrov, A., and Riordan, J. R. (2001) J. Biol. Chem. 276, 12918-12923). We have now characterized the interactions of the 8-azido-photoactive analogues of ATP, ADP, and 5'-adenyl-beta,gamma-imidodiphosphate (AMP-PNP) with the two domains of functional membrane-bound CFTR. The results show that the two domains appear to act independently in the binding and hydrolysis of 8-azido-ATP. At NBD1 binding does not require a divalent cation. This binding is followed by minimal Mg(2+)-dependent hydrolysis and retention of the hydrolysis product, 8-azido-ADP, but not as a vanadate stabilized post-hydrolysis transition state complex. In contrast, at NBD2, MgN(3)ATP is hydrolyzed as rapidly as it is bound and the nucleoside diphosphate hydrolysis product dissociates immediately. Confirming this characterization of NBD1 as a site of more stable nucleotide interaction and NBD2 as a site of fast turnover, the non-hydrolyzable N(3)AMP-PNP bound preferentially to NBD1. This demonstration of NBD2 as the rapid nucleotide turnover site is consistent with the strong effect on channel gating kinetics of inactivation of this domain by mutagenesis.